Abstract. 'Sunbelt' is a juice grape cultivar developed by the Univ. of Arkansas. This cultivar produces 'Concord'-type juice and is adapted to warm climatic conditions of the southern United States. Preliminary evaluation showed that 'Sunbelt' has potential to produce high-quality juice under the hot climatic conditions of the San Joaquin Valley. A study was conducted during the 1998 and 1999 growing seasons to further evaluate the adaptation of 'Sunbelt' to the San Joaquin Valley and determine the response of this cultivar to selected pruning methods. Vines were grown for two seasons without use of insecticides, fungicides, or herbicides. Vines were subjected to four pruning treatments: severe hand pruning (60-80 nodes retained/vine); moderate hand pruning (120-160 nodes retained/vine); machine pruning with hand follow-up (160-180 nodes retained/vine); and minimal pruning (200-400 nodes retained/vine). Vines were trained to a Geneva Double Curtain trellis system. Yield, components of yield, and juice quality were significantly impacted by pruning treatment. In both seasons, mechanized systems of pruning (machine and minimal) produced higher yield than hand pruning. Minimal pruning resulted in the highest yield (42 t·ha -1 ) in 1998, while yield from the machine-pruned vines was highest (29 t·ha -1 ) in 1999. Minimally pruned vines had the highest clusters/vine and lowest cluster weight among the treatments. The extremely high yields obtained for the minimal pruning treatments produced fruit that was less mature resulting in juice with lower soluble solids than the other treatments in 1998. However, in 1999 the juice from minimally pruned vines had the highest soluble solids. Sensory analysis of juice produced in 1999 showed that the juice from the machine-pruned treatment had the least color intensity. Sensory analysis showed that minimal and severe hand pruning were ranked higher for sweetness than machine and moderate hand pruning. In the second year of the study, the juice from the minimal-pruned and severe hand-pruned treatment were preferred over the moderate hand-pruned treatment or the machine-pruned treatment.
associated with reduction of cholesterol, decreased cardiovascular disease, and prevention of cancer (Bisson et al., 1995; Blevins and Morris, 1997; Fitzpatrick et al., 1993; Jang et al., 1997) . Consumers perceive red grape juice as healthy and flavorful; however, 'Concord' grapes are essentially a specialty crop because production is limited to Washington, Michigan, and the Lake Erie belt (New York-Pennsylvania-Ohio). 'Concord' production limitations include growing season length for potential northern growing regions and excessive heat for potential southern growing regions. Regions with excessive heat during the growing season typically produce poor quality fruit and juice because of uneven ripening.
'Concord' grape production was attempted in the San Joaquin Valley, but growth, yield, and fruit composition were adversely impacted by the hot growing conditions. In an attempt to establish a 'Concord'-type cultivar for California, the Dept. of Viticulture and Enology, Univ. of California, Davis introduced 'Niabell' and 'Early Niabell'. However, these cultivars have been used primarily in the home garden and only a few commercial vineyards (Olmo and Koyama, 1962) .
The Arkansas Agricultural Experiment Station released the juice grape cultivar, 'Sunbelt' (Vitis labruscana Bailey) in 1993 (Moore et al., 1993) . 'Sunbelt' fulfills the need for a processing grape that can be grown in hot areas where 'Concord' grapes display uneven fruit ripening associated with high temperatures (Morris et al., 1984) . 'Sunbelt' is similar to 'Concord' in most plant and fruit characteristics, differing primarily in its ability to ripen evenly under high temperatures.
Clusters are small; berries are blue, large and seeded. Soluble solids concentration and harvest date correspond closely with those of 'Concord' when compared under hot climatic conditions. However, the color, acidity, and pH of 'Sunbelt' are superior to 'Concord' for juice production (Moore et al., 1993) . In preliminary studies 'Sunbelt' had good flavor and aroma characteristics when grown in the San Joaquin Valley (Haight et al., 1995) .
Fruit and juice quality can be greatly influenced by pruning methods. In Arkansas, shootpositioned 'Concord' grapevines trained to Geneva Double Curtain, or high wire, bilateral cordon systems were used in studies that determined the effects of mechanical pruning on yield, vine size, and juice quality (Morris and Cawthon, 1980a , 1980b , 1980c , 1981 Morris et al., 1984) . Continual mechanical pruning is most effective when adequate shoot or fruit limitation follows pruning to prevent poor juice quality due to over-cropping.
Estimates indicate that 60% of Australian wine grape vineyards are pruned mechanically, leading to substantial savings in production costs (Clingeleffer, 1993; Clingeleffer and Possingham, 1987) . Minimal pruning (vines trained on a high wire single trellis, left unpruned, and then skirted) overcame problems such as costs associated with conventional hand pruning and internal canopy shading and reduced quality associated with severe mechanical pruning (Clingeleffer, Grape production for juice concentrate is an important market for grape growers in the San Joaquin Valley (Bedwell, 1998; Larsen, 2000) . In 1999, over 680,400 t of grapes were crushed for juice concentrate production. This quantity represented ≈25% of the total U.S. crush (California Agricultural Statistics Service, 2000) . The majority of grapes crushed for juice concentrate were white cultivars, primarily 'Thompson Seedless' (Vitis vinifera L.). However, red cultivars such as 'Royalty' and 'Rubired' (mixed species hybrid) were also used for concentrate production.
'Concord' (Vitis labruscana Bailey) is the predominant grape cultivar grown in U.S. viticultural regions outside California. 'Concord' juice has a strong, unique flavor and deep purple color. It is used for production of single strength juice, concentrate, wine, and processed products including beverages, fruit spreads, frozen dessert bars, yogurt base, pie mixes, powders, and crystals. Demand for 'Concord' juice concentrate has been strong in recent years (Barber, 1997; Blevins and Morris 1997; Morris, 1998; Morris and Striegler, 1996) . This trend has been influenced by health benefits of grape product consumption 1989). Minimal pruning trials conducted over 17 seasons, primarily in warm climate regions, showed that the vine has the capacity, through balanced growth, to maintain its shape, productivity, and fruit quality (Clingeleffer, 1993) . Minimal pruning is also used in cooler regions in Australia. However, successful adoption of this technology for high-yielding, vigorous vines in cooler regions often requires use of crop control to restrict yield so that adequate fruit maturity and wine quality can be achieved (Clingeleffer, 1992) .
Since there is limited research on 'Sunbelt' grapes, a study was established to further evaluate the suitability of 'Sunbelt' grapevines for production of high quality 'Concord'-type juice products in the San Joaquin Valley and evaluate pruning treatments to optimize yield, fruit composition, and juice quality. Furthermore, production of commercially acceptable 'Sunbelt' juice would provide growers in the southern San Joaquin Valley with a potential new market for grapes.
Materials and Methods
'Sunbelt' was grafted onto mature, ownrooted 'Chenin blanc' vines in a commercial vineyard near Madera, Calif., in 1991. The soil type was a Hanford Sandy Loam (coarseloamy, mixed nonacid, thermic Typic Xerothents). Vineyard spacing was 2.1 × 3.6 m (vine × row). The trellis/training system was a Geneva Double Curtain with a 1.8-m cordon height and cross arm width of 1.2 m. The vineyard was drip irrigated. No fungicides, insecticides, or herbicides were applied. There were no fruit losses due to vine diseases or insect pests during the course of the study. Resident vegetation was allowed to grow in row middles and under-the-row vegetation was controlled by mechanical cultivation. Row middles were cultivated about two times each season to control growth.
Pruning treatments and canopy management. Pruning treatments were established during the 1997-98 dormant season. Treatments included vines that were: 1) severely hand pruned to retain 60-80 nodes/vine; 2) moderately hand pruned to retain 120-160 nodes/vine; 3) machine pruned in a 3.6 × 3.6 cm box cut centered on the cordon (160-180 nodes/vine retained); and 4) minimally pruned (no dormant season pruning with 200-400 nodes/vine retained). Fruiting wood was retained on hand-pruned vines as five node canes.
Hand-pruned vines were shoot positioned downward and all canopy middles were separated twice in June and July to maintain two distinct canopies during the growing season. Canopy separation was also imposed on machine-pruned vines. Minimally pruned vines were trimmed 0.76 m from the soil surface at berry set.
Five vines in each plot were harvested and yield data collected. Clusters per vine, yield per vine, berry weight, and berries per cluster were determined. Mature nodes were counted immediately preceding dormant pruning. A node was considered to be mature when internode regions distal and proximal to the node had periderm. Pruning weights were determined for hand-and machine-pruned vines. Nodes retained per vine were counted following dormant pruning.
Fruit handling and juice production. Handharvested fruit was shipped overnight to the Institute of Food Science and Engineering at the Univ. of Arkansas, Fayetteville for juice processing and analysis. The grapes were crushed and de-stemmed. The must was heated in a steam kettle to 60 °C while being continuously stirred. A pectolytic enzyme, Scottzyme Pec5L (Scott Laboratories, Petaluma, Calif.), was added at 2 mL/440 kg and the must was held at 60 °C for 10 min while being stirred. The must was cooled to 39 °C and pressed in a #70 Enrossi bladder type press (Enoagricol Rossi s.r.l., Calzolaro, Italy) at 4 ata using press cloths. The juice was held at 2 °C for 30 d for tartrate precipitation and then ultrafiltered (500,000 MW), pasteurized at 88 °C, and bottled.
Lab analysis. Juices were analyzed for soluble solids, pH, titratable acidity, and concentration of total red pigments as measured by the absorbance at 520 nm of juice acidified to pH 3.5 (Iland et al., 1993) .
The soluble solids of the fruit and juice were measured by using a Reichart ABBE Mark II Bausch and Lomb refractometer (Scientific Instruments, Keene, N.H.). An automated titrimeter and electrode standardized to pH 4.00 and pH 7.00 buffers were used to measure pH and titratable acidity. Titratable acidity was determined by titration with 0.1 N sodium hydroxide to an endpoint of pH 8.2. Titratable acidity was expressed as percent tartaric acid.
Sensory analysis. Sensory analysis was conducted on juice produced in 1999. Thirtytwo panelists, who were consumers of grape juice, ranked sensory characteristics. The ranking test is an extension of the paired comparison test in which the panelist ranks the samples for intensity of a specific characteristic (Poste et al., 1991) . Four samples of juice from the four treatments were presented to panelists at 21 °C in 60-mL clear plastic soufflé cups with lids. Sample containers were labeled with threedigit random code numbers to eliminate individual bias. Panelists were asked to rank the juice by intensity of color, aroma, flavor, sweetness, and overall preference. Panelists evaluated samples individually in partitioned areas under red lighting except for color evaluations.
Experimental design and statistical analysis. Pruning treatments were established as a randomized complete block experimental design with four blocks. Objective data of juice were analyzed using General Linear Model Procedure for Statistical Analysis System, Cary, N.C. (SAS, 1985) . Years were analyzed separately. Multiple comparisons among treatments were made using least significant difference (LSD) test at P ≤ 0.05. Yield and yield components were analyzed by mean separation using Duncan's multiple range test. Sensory data were analyzed for significance using the Friedman test for ranked data (Poste et al., 1991) .
Results and Discussion
Yield and yield components. In both years, vines pruned using mechanized systems (machine and minimal) generally produced higher yield than hand pruning and had a higher number of clusters/vine (Table 1) . Minimal pruning resulted in the highest yield (42 t·ha ). Yield from the machine-pruned vines (30 t·ha -1 ) was highest in 1999. In both years, minimally pruned vines had the highest number of clusters/ vine, lowest cluster weight, lowest berry weight, and lowest berries/cluster among the treatments.
Extremely high yields were produced on minimal-pruned vines during the first year (1998). However, the yields were lower in this treatment in 1999 resulting in yields that were similar to the other pruning treatments. Similar results on minimal pruning were reported from different regions on other cultivars Fisher et al., 1996; Lake et al., 1996; Pool et al., 1993) . While vines tend to achieve balance between fruit production and vegetative growth over time, mechanized thinning during the first year could have produced this result immediately and eliminated the low soluble solids and poor quality associated with minimal pruning during 1998. Previous studies showed that mechanical thinning can reduce season to season variability in yield and vegetative growth (Clingeleffer, 1992) . As expected, minimally pruned vines had the highest number of nodes/vine in both years while severe hand pruning resulted in the lowest number of nodes/vine. Minimal pruning had the least number of mature nodes/vine in 1998, but there were no differences between pruning methods for this variable in 1999.
Quality of juice. In general, for a given pruning treatment, yield and quality were inversely related. This is especially true under extremely high yielding situations.
In 1998, the minimal pruning treatment resulted in juice with lower quality than the other treatments (Table 2 ). Soluble solids for the minimal treatment (11.5%) were lower than the other treatments. The highest soluble solids concentrations (15.2%) was in the juice produced from the severe hand pruning treatment. The pH and titratable acidity were similar for all treatments in both years.
Juice produced in 1999 from the minimal pruning treatment was of higher quality than the 1998 juice from this pruning treatment. Juice from minimal-pruned and severe handpruned vines had the highest soluble solids concentrations (19.2%), while the machinepruned vines had the lowest soluble solids concentrations (16.6%). In 1998, juice from the minimally pruned vines had the lowest concentration of total red pigments but had the highest in 1999.
Sensory of juice. Sensory analysis was conducted on 'Sunbelt' juice produced in 1999 (Table 3 ). The panelists ranked the juice by intensity of color, aroma, flavor, sweetness, and overall preference. The panelists were able to detect a difference in intensity of color, sweetness, and overall preference among juices from the pruning treatments but were unable to detect any differences among the treatments in terms of the intensity of aroma and flavor. Smith et al. (1996) reported that pruning affected color but few differences were found in terms of aroma and flavor. The machine-pruned treatment had lower color intensity than the other pruning treatments. The minimal and severe pruning treatments were ranked higher for sweetness than the machine and moderate pruning treatments. The sensory data corresponded to the soluble solids concentrations as determined by analysis of the juice. Assessment of the overall preference data indicated that juice from minimally pruned vines was preferred over juice from machine-pruned or moderately hand-pruned vines.
In summary, this study provided information on adaptation of 'Sunbelt' grapevines to San Joaquin Valley conditions and on the response of this cultivar to production systems which feature minimal input of labor and agricultural chemicals. In this study, 'Sunbelt' was produced without the use of insecticides, fungicides, and herbicides. Thus, growers and juice processors in the San Joaquin Valley could utilize 'Sunbelt' in the production of high quality 'Concord'-type juice that would meet the requirements for organic certification. In both seasons, high quality 'Concord'-type juice was produced from 'Sunbelt' grapes. This result confirmed the preliminary assessment of the potential of 'Sunbelt' grapevines grown in the San Joaquin Valley (Haight et al., 1995) .
In both seasons, mechanized pruning treatments impacted yield, yield components, and juice quality. Yield increased when mechanized pruning left high numbers of buds remaining on the vines. Pruning studies have demonstrated increased yield for mechanical pruning (Morris and Cawthon, 1980a , 1980b , 1980c , 1981 Pool et al., 1993) and minimal pruning (Clingeleffer, 1989; Fendinger et al., 1996) . Minimally pruned vines displayed significant changes in yield components when compared to vines from the other treatments. Minimal pruning resulted in an increase in clusters/vine and a reduction in cluster weight and berries/cluster.
Juice quality, as determined by chemical and sensory analysis, was related to vine yield. The high yield obtained for mechanized pruning treatments in 1998 had a negative impact on juice quality. Fruit reduction by mechanical thinning could have been used to balance the vine's production and improve juice quality in 1998. This practice is currently being done in commercial vineyards in New York and Arkansas (Morris, 2000; Pool et al., 1993) . During the 1999 season, juice quality was highest for severe hand-and minimal-pruned vines.
Further research is needed to assess the long term effects of these practices and to demonstrate the inclusion of mechanical thinning into the production systems evaluated in this study. 
